Published Reports

U S Fish and Wldlife Service
Regi on 2
Cont ami nants Program

CONTAM NANTS | NVESTI GATI ON
OF BUFFALO LAKE NATI ONAL
W LDLI FE REFUGE
(I nteri m Report)
1994

by

Deni se L. Baker and Joel D. Lusk

US Fish and Wldlife Service
Arlington Ecol ogical Services Field Ofice
711 Stadium Drive, Suite #252
Arlington, Texas 76011

June 1995

I NTRODUCTI ON

Buffal o Lake National WIldlife Refuge (BLNWR) is |ocated in the Southern H gh Plains Region

of the Texas Panhandl e, in Randall County (Figure 1). Upon the conpletion of Unbarger Dam
across Tierra Blanca Creek in 1939, Buffalo Lake was created. In 1941, the lake filled and
overfl owed the inadequately designed spillway and nearly destroyed the integrity of the dam

A m ni num pool |evel was maintai ned while dam safety was consi dered. Meanwhile, the newy
created |l ake, its vast shall ow wetl|l ands, and nearby agricultural crops attracted mllions of
waterfow mgrating along the Central Flyway. Buffal o Lake was al so a val uabl e source of
recreation in this sem-arid region. To better perpetuate the mgratory bird resource, despite
assuming liability for a defective dam the U S. Fish and Wldlife Service (Service) assuned
trusteeship for Buffalo Lake National WIldlife Refuge by Secretarial O der 2843 on Novenber

17,:3959:;

Irwin and Dodson (1991) docunented severe contam nation at BLNWR during the initial
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contam nant survey in 1986. Wt ersheds upstream from BLNWR i ncl ude nunerous conbi ned

animal feedlots (CAFO . Approximately one mllion dry tons of manure are generated annual ly

by an estimted 500, 000 head of beef cattle within the 1,724 square mle watersheds of Tierra

Bl anca Creek and Frio Draw. Nutrients, salts, and other contam nants are possible pollutants

of concern in the creek and coul d adversely inpact the managenent and the natural resources

of BLNVWR Nutrients, ammonia, and trace el enents such as copper, strontium and zinc were

el evated in cattle waste | agoons, and were significantly higher in the creek and refuge influent
wat er downstream of the feedlots conpared with areas upstream of feedlots. Past fish kills,

bact eri ol ogi cal contam nation, and undesirable eutrophic conditions in the |lake resulted from
wast e- | aden water for Buffal o Lake.

Farm ng sel ected areas of the BLNWR dry | ake bed has been practiced since 1988. Soi
nutrients and contam nants will be reeval uated and conpared with the 1987 study results to
deternmine the nutrient uptake and contam nant renoval efficiency of cropping.

Mgratory waterfow use of the BLNWR has declined in past years. Lack of avail able surface
water is suspected as the primary reason for the decline in bird use. The devel opnent of five
noi st soil managenent units upstreamfrom Stewart Di ke is planned to increase mgratory

wat erfow use of BLNWR The units fl ooded with punped well water would al so conpensate

for the contam nant nutrient |oading received fromupstreamwaters of Tierra Blanca Creek and
i mprove aquatic and wetland habitat.

bj ectives of this study include:

1 Stormnat er nonitoring To evaluate the extent of contam nation in stornmater
entering the refuge from T Tierra Blanca Creek watershed and to determne if
recent State regulations have beneficially affected cattle feedl ot nonpoi nt source
di schar ges.

2. Contam nant renoval by farm ng - To evaluate the extent of contam nation in
Buf fal o Lake soils and vegetation and evaluate the ability of crops grown in the
dry | ake bed to reduce soil contam nant concentrations.

3. Moi st soil nanagenent unit nonitoring - To eval uate and nonitor contam nant
| evel s in sedinents, water, vegetation, and invertebrates before and after
establ i shment of noist soil managenent units constructed upstream of Stewart
Di ke.

See Tabl e/ Fi gur e
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Figure 1. Location of Buffalo Lake National WIdlife Refuge.
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This interimreport discusses sanple collection nethods and prelimnary results of water, soil,
and plant sanples collected fromTierra Bl anca Creek and BLNWR Fi nal data eval uati on and
collection of sanples will continue during FY 1995. A final report is projected to be conpleted
in early FY 1996.

BACKGROUND

Cattle feedl ot operations along Tierra Blanca Creek are required by the Texas Natural Resource
Conservati on Conmm ssion and the Environnental Protection Agency to contain pollutants in

waste retention | agoons and prevent their discharge unless a rainfall of greater than 4.5 to 5.0
i nches occurs during a 24-hour period, 25-year stormevent. The current conpliance schedul e

for CAFGs under 1,000 head extends into 1995.

A contam nant study of the Tierra Blanca Creek watershed includi ng BLN\R was conduct ed
by the Service's Arlington Ecol ogical Services Field Ofice in 1987 (Irwn and Dodson 1991).
The concl usi ons reached were:

1 El evat ed concentrations of nutrients (nitrogen and phosphorus), salts, copper,
strontium and zinc were found in and downstream of CAFO retention pond soils;

2. Tierra Blanca Creek has degraded water quality, primarily associated with
CAFGCs and their nonpoi nt source di scharges;

3. Nutrient concentrations in |ake bed soils were elevated to the extent that
i nundation coul d create unacceptably high nutrient concentrations in the water;
and,

4. The potential effects upon wildlife species that feed in or near CAFGCs were

unknown, but wildlife are likely burdened by the ingestion of poor quality water
and sedi nents.

Reconmendations in the 1991 report are to increase the regulations for CAFGCs and their wastes,
continue nmonitoring, and evaluate the effects of elevated nutrients and veterinary drugs on
wildlife.

Over time, the water quality of Buffal o Lake deteriorated as a result of accunul ated sedi nents
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and nutrients and i nadequate inflows. During recent years, with the exception of najor storns,
little or no water flowed from Tierra Blanca Creek into the |ake. Tierra Blanca Creek has
changed froma perennial to an epheneral stream In 1985, the U S. Bureau of Reclanation
(Bureau) reported that while average rainfall remains consistent over tinme, trends in runoff data
support the suggestion that the anmpbunt of precipitation required to produce significant runoff has
i ncrease since about 1960. This phenonmenon may be partly due to the construction of check
dans by farmers and punping fromdeep wells resulting in a |ower ground water table, thus
increasing infiltration.

The water quality and subsequent closure of Buffalo Lake is discussed by Irwin and Dodson
(1991). After Buffal o Lake was drained in 1978, the Service constructed a | ow | evel dike,
Stewart Dike, to retain water in Stewart Marsh and devel op noi st soil managenent units for

wi nter waterfow use. Four small, circular ponds were also constructed in the dry | ake bed to
mai ntain water for wildlife. Replacenent of Unrbarger dam began soon after the Lake was
drained in 1978. By 1993, Unbarger Dam was rebuilt.

3

METHODS AND MATERI ALS

Twenty six study sites were selected along Tierra Blanca Creek and the BLNWR Wt er,

soi |l / sedi nents, vegetation, and biota sanples were coll ected between August 1993 and June 1994
(Table 1). Stormwater was collected within a few hours after the start of the rain event at seven
sites fromTierra Blanca Creek (Creek). After stormmater receded, water sanples were

collected fromthe Creek above Stewart Marsh, at Stewart Marsh, and the four constructed

ponds on BLNWR Additional water sanples were also collected fromthe four ponds one year

| ater. A groundwater sanple was collected fromone site on BLNMNR A 1-liter, precleaned

pol yet hyl ene bottle was used to collect grab sanples of stormwater, post stormwater, and
groundwat er. Sanples were not filtered, but inmediately acidified with 5 mlliliters (m) of
concentrated nitric acid, frozen, and later refrigerated for future anal yses. Sinultaneously, 1-
liter, glass bottles were filled, acidified with 5-m concentrated sulfuric acid, refrigerated and
subm tted for anal yses.

Conposite soil sanples were collected fromthree cropping treatnents at the BLNWR s dry | ake
bed. Cropping treatnents included wheat, sorghum (m | o/sudan grass conbination), and fall ow
fields. Four fields per cropping treatnment were selected at randomand two transects were
selected at randomfor each field. Two conposite soil sanples were collected per transect. Soi
sanpl es were col |l ected using a hand-held, polycarbonate WIdCo core sanpler to a depth of

three inches, sifted with a stainless steel and brass sieve, placed in precleaned jars, and kept
frozen until submtted for anal yses. Four conposite sedinent sanples were collected from each
pond. Sedi ment sanples were collected using a hand-hel d, polycarbonate WIdCo core sanpler
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to a depth of five inches, placed in whirlpaks and frozen for future anal yses. Additional
sedi nent sanples were collected fromponds 1 and 2 and placed in foil and frozen for future
anal yzes.

Conposite plant sanples were collected concurrently with soil sanples fromthe three cropping
treatments and the Stewart Di ke. Because the wheat crops failed, Kochia sp. was coll ected.

Sudan grass was collected fromsorghumfields and Kochia sp. was collected fromfallow fields.
Plants of uniformsize were cut at the soil's surface and bagged without washing and refrigerated
for anal yses. In addition, conposite aquatic plant sanples were collected fromponds 1, 3, and

4. Aquatic plant species included Chara sp. (a subnergent aquatic), pondweed (Potanopgeton
pusillus), and sedge (Cyperus sp.) seeds. Aquatic plants were rinsed with water fromthe site,

pl aced in plastic bags, and frozen until submtted for anal yses.

Conposite grasshopper sanples were collected with a dip-net from Stewart Di ke and fields
dom nated by Kochia sp. or sorghum Numerous individuals were bagged and frozen for future
anal yses.

Bi ota sanpl es were collected fromponds 1, 3, and 4. Conposite sanples of danselfly nynphs

were collected fromponds 1, 3 and 4. A conposite tadpole sanple was collected from pond

3. A nourning dove (Zenai dura macroura) and red-w nged bl ackbird (Agel ai us phoeni ceus)

fl edgling and conposite nourning dove and red-w nged bl ackbird eggs were coll ected from pond

1. An unidentified species of avian fledgling was collected frompond 4. Danselfly and tadpol e
sanpl es were collected by a dip net, placed in whirl paks and frozen until submtted for anal yses.
Fl edgl i ngs were col |l ected by hand, euthanized, wapped in plastic and frozen for future anal yses.
The bird eggs were collected by hand, contents renoved, placed in foil, and frozen until

subm tted for anal yses.

Table 1. Buffalo Lake National WIdlife Refuge collection |ocations and type of anal yses for

coll ected nedia, Texas, 1993. SW= stormwater, W= water, GW= groundwater, S = soil/sedinent,

P = plant, GH = grasshopper, DF = danselfly nynph, TP = tadpole, FL = fledgling, E = egg, and F =

fish tissue.

Site Station Met al | oi ds[ sup] 1 Nutri ent sy Organochl ori ne[ sup] 3
Nurmber Location

4 Tierra Bl anca Creek at FM 1057 SW W S S
2 Tierra Blanca Creek at Holly Sugar Pl ant SW W S S
3 Tierra Bl anca Creek east of Hereford SW W S S
4 Tierra Blanca Creek above Tri State Feedyard SW W S S
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5 Tierra Blanca Creek below Tri State Feedyard SW W S S A

6 Tierra Blanca Creek at Stewart Ranch SW W S S, F, A

7 Tierra Bl anca Creek above Stewart Marsh SW W S Si:EL

8 Stewart WMarsh W P

9 Grazing Unit #6 GwW

10 Moi st Soi | Managemnent Unit S -Ps S S R
11 Pond 1 W S, P, GH DF, FL, E W S S
12 Pond 2 W S, P W S S
13 Pond 3 W S, DF, TP W S

14 Pond 4 W S, P, DF, FL W S

15 Field 1 - Fallow S, P S

16 Field 4 - \Weat S, P S

17 Field 5 - Sorghum SFp S

18 Field 6 - Sorghum S PirGH S

19 Field 7 - \Weat S/ P S

20 Field 10 - Sorghum S Py G S

21 Field 11 - Weat S, P S

22 Field 12 - Fall ow S, P S

23 Field 13 - Weat S, P S

24 Field 19 - Sorghum S P GH >

25 Field 21 - Fallow S P S

26 Field 25 - Fall ow S, P S

AAAAAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAANAAAAAAAAAAAAAAAAANAAAAAANAAAAANAAAAANAAAAAAAAAAANAAAAANAAAAAANANAAAN

[sup]l Metalloids - include 14 elenents (A, As, Be, Cd, C, Cu, Fe, Hg, Mh, N, Pb, Se, Tl, Zn)

[sup]2 Nutrients - ammonia nitrogen, total Kjeldahl nitrogen, organic nitrogen, nitrate nitrogen,
and total phosphate

[ sup] 3 Organochl orine pesticide scan (includes 20 pesticides and total PCBs)

5

Sedi mrent, vegetation, and fish were collected fromthe noist soil managenent units. Data from
this collection sequence wll establish a contam nant baseline |level for nutrients and netal s at
the noist soil units. Construction of all five units and a conplete nonitoring of noist soil units
coul d not be conpleted in 1994 due to the abundance of water that flooded the area above

Stewart Di ke. One npist soil managenent unit was constructed during Decenber 1994 and is

now est abli shed. The remaining four noist soil nmanagenent units will be constructed at a | ater
date. Collection of water, sedinents, plants, and biota fromthe established unit wll be

conpl eted by August 1995. Conposite sedi ment sanples were collected fromthe five units.

Two transects were randomy selected perunit and at random points al ong each transect two
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conposite sedi nent sanples were collected. Two additional conposite sedi nent sanples were
col l ected at random points along one transect in unit 2. Sedinent sanples were coll ected using
a hand- hel d, pol ycarbonate WI|dCo core sanpler to a depth of three inches. The sanples were
placed in whirl paks and the additional two sanples in foil, frozen and submtted for future
anal yses.

Conposite smartweed (Pol ygonum | apathifoliun) sanples were collected fromone transect in
each noist soil unit. Plants of uniformsize were cut at the soils surface and placed in whirl paks
wi t hout washing and refrigerated until submtted for anal yses.

Si x conposite black bull head (Amei urus nel as) sanples were collected fromthe noist soi
managenent units. Four conposite sanples were placed in plastic bags, frozen, and | ater
submtted for anal yses. The renmining two conposite sanples were wapped in foil, frozen,
and later submtted for anal yses.

Water (stormmater, post stormnater and groundwater), soil and sedi nent sanples were anal yzed
for metalloids and nutrients (nitrogen and phosphorus). Plants, grasshopper, tadpole, fledgling,
and fish sanples were anal yzed for netalloids. Sedinents fromthe ponds and noi st soi
managenment units, eggs, and fish sanples were anal yzed for organochl orines i ncl udi ng

pol ychl ori nat ed bi phenyl (PCBs).

Al'l sanples were submtted through Patuxent Analytical Control Facility (PACF) to its

desi gnated contract | aboratory. Metalloids, organochlorine pesticides (including PCBs), grain
size, total organic carbon, and nutrient anal yses were conpleted by Hazel ton Environnental
Services, Inc., Madison, Wsconsin. Arsenic and sel enium concentrations in water, sedinents,
and biotic tissue were anal yzed by graphite furnace and nercury by cold vapor atom c
absorption. All other elenents were anal yzed by inductively coupled plasma spectroscopy.
Organochl ori ne pesticides in sedinents and soils were detected by Sonication extraction and in
biotic tissues concentrations were detected by Soxhl et extraction. The PACF was responsible
for assessing quality assurance and control (QA/ QC) procedures for all contract |abs and QA QC
met PACF standards.

RESULTS

Wt er

Met al | oi ds - Because of the collection and preservation nethod of water sanples, the netal
concentration in the unfiltered, grab sanples nust be back-cal cul ated to determ ne the di ssol ved
concentration. The dissolved concentrati on can then be conpared to Texas nunerical chronic
freshwater and other protective criteria to evaluate the sanple quality. Cadm um nercury,

nol ybdenum and sel enium were not detected in stormmater sanples. Concentrations of arsenic,
copper, iron, manganese, and zinc in the stormmater sanples from Tierra Bl anca Creek
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exceeded the Environnmental Protection Agency's (EPA) water quality criteria. Cadm um
mercury, and sel enium were not detected in pond water sanples. The pond water sanpl es had
el evated concentrations of arsenic, boron, copper, iron, manganese, and zinc. G oundwater
sanples fromgrazing unit #6 were relatively cl ean.

Concentrations of the cation elenents (alum num arsenic barium cadm um chromum copper,

i ron, magnesi um nanganese, nickel, and zinc) recovered in stormvater sanples fluctuate from
site to site. Concentrations are high above Hereford; below the Holly sugar plant and waste
water treatnent facility concentrations decrease; concentrations begin to increase in water
sanpl es collected below Tri State Feeds and Stewart Ranch; and as the Creek enters BLNWR
concentrations again decrease.

Nutrients - Nitrogen conpounds in the Creek stormnater sanples are generally greater than
reported by Irwin and Dodson (1991). Total kjeldahl nitrogen (TKN), anmonia nitrogen, and
nitrate nitrogen concentrations in the Creek stormivater sanples exceed the State's 85th
percentile. The high concentrations of nitrate nitrogen are hi gh enough to cause eutrophic
conditions in perennial waters. Stormnater concentrations of phosphorus have decreased since
1987 (lrwin and Dodson 1991) and were below the State's 85th percentile.

Pond wat er sanpl es had | ower concentrations of TKN, anmoni a-nitrogen, organic and nitrate
nitrogen, and total phosphorus than the Creek sanpl es. Concentrations of TKN, amoni a-
nitrogen, and nitrate nitrogen exceeded the State's 85th percentile.

Soi | / Sedi nent

Metal | oids - Concentrations recovered in soil sanples fromthe three different cropping
treatnments were within the background ranges for soils found in the western United States
(Shackl ette and Boerngen 1984). Concentrations of alum num chrom um copper, iron, and
vanadi um were significantly higher than the concentrations reported by Irw n and Dodson
(1991).

Nutrients - Concentrations of ammonia nitrogen and total phosphorus were significantly higher
than those reported by Irwn and Dodson (1991).

Organochl ori ne Pesticides - O ganochl orine pesticides, including PCBs, were not detected in
soil sanples fromthe ponds and sedinents fromthe noist soil managenent units.

Vegetation - Kochia collected fromwheat fields had significantly higher concentrations of
al um num iron, manganese, and vanadi um conpared to concentrations in the sudan and fall ow
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fields. Plants collected fromthe sudan field had significantly | ower concentrations of barium
boron, magnesium and strontium and significantly higher concentrations of nolybdenum
conmpared to concentrations in the wheat and fallow fi el ds.

Bi ot a

Grasshoppers did not have el evated netal concentrations. Concentrations of arsenic and
nol ybdenum were significantly higher in grasshopper sanples collected from sorghum pl ant ed
fields than wheat planted fields. A um num nanganese, and vanadi um concentrati ons were
significantly | ower in grasshoppers collected fromsorghumfields than wheat fields.
Organochl ori nes were not detected in nmourning dove and red-w nged bl ack bird enbryo

sanpl es. Concentrations of p,p'-DDE in fish tissue sanples were bel ow t he National Acadeny
of Sciences and National Acadeny of Engineering (1973) 1.0 ppm DDT and netabolites
criterion established for protection of wildlife.

7

DI SCUSSI ON AND CONCLUSI ONS

Stormwat er may be generally as polluted as it was in 1987. Tri State has generally remained in
conpliance with their State wastewater discharge permt; however, mneralized nitrate appears

to be leaching fromtheir soils or fromsoils in the creek bed that were previously saturated with
nitrogen conponents fromtheir operations. The optimum goal would be to encourage the

TNRCC to adopt TKN standards for surface waters and consider treating CAFO waste through

waste water treatnent plants or constructed wetlands. Perhaps, the Service should work with

TNRCC to set up a programto educate the CAFGCs operators about the problem

Planting treatnments have not drastically changed the concentration of inorganic contam nants in
soils. For several elenents, there may be an actual increase. At this tinme it is difficult to
determ ne or explain the apparent increase. W have encountered problens in conparing our

soil sanple analyses with the data reported by Irwin and Dodson (1991). Soil sanples from

1993 were coll ected al ong known transects at a 3-inch depth with a core-sanpler. It is assuned
that sanples collected during 1986 were froma 6-inch depth. This assunption, however, is
suspect, because no collection nethodology was witten and we are relying on the recollection
of Ji mRogers, the technician who collected the sanples. Jim Rogers, of the former Bureau of
Recl amati on office in Amarillo, Texas, was assigned the task of soil collection by Roy |Irwn.
In 1994, we collected soil sanples at several depths to devel op a regression equation and
determine the |ikely concentrations at the 6 inch layer. In conclusion, the nmetal concentrations
in soils fromthe dry | ake bed at BLNWR are not at |evels considered harnful to wildlife.

Nitrogen levels in soils are el evated but do not appear to be causing nitrogen toxicosis to aninals
that eat plants grown on these soils (Dr. M chael Hi ckey, Texas Tech, personal communication).
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At Buffalo Lake NWR, nitrogen is nostly bound up in organic materials. There is no
established | evel of concern for the protection of wildlife that ingest plants with el evated

nitrogen.
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